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Those who wish to succeed must ask
the right preliminary questions.
- Aristotle
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Elements of Visual Perception
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FIGURE 2.3
Graphical
representation of
the eve looking at
a palm tree. Point
C is the optical
center of the lens.
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FIGURE 2.7

(a) An example
showing that
perceived
brightness is not a
simple function of
intensity. The
relative vertical
positions between
the two profiles in
(b) have no
special
significance; they
were chosen for
clarity.
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FIGURE 2.8 Examples of simultancous contrast. All the inner squares have the same in-
tensity, but they appear progressively darker as the background becomes lighter.

Simultaneous contrast
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FIGURE 2.9 Some
well-known
optical ilusions,

Optical illusions
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FIGURE 2.12

(a) Single imaging
Sensor.

(b) Line sensor.
(c) Array sensor.
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e Film

Linear motion

*= One image line out
per increment of rotation
and full linear displacement
of sensor from left to right.

FIGURE 2.13 Combining a single sensor with motion to generate a 2-D image.

Image Acquisition Using a Single Sensor
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FIGURE 2.14 (a) Image acquisition using a linear sensor strip. (b) Image acquisition using a circular sensor strip.
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FIGURE 2.15 Anexample of the digital image acquisition process. (a) Energy (“illumination™) source. (b) An el-
ement of a scene. (¢) Imaging system. (d) Projection of the scene onto the image plane. (¢) Digitized image.
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FIGURE 2.16 Cienerating a digital image. (2) Continuous image, () A scan line from A 1o 07 in the continuous image,
wsed o illustrate the concepts of sampling and gquantization, (¢) Sampling and quantization. (d) Digital scan line




5 Result of Sampling and Quantization

FIGURE 2.17 (a) Continuos image projected onto a sensor arrayv. (b) Result of image
sampling and quantization.
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Origin FIGURE 2.18
01 2 3--- . Coordinate
convention used
in this book to
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TABLE 2.1

Number of storage bits for various values of N and k.

Nk 1(L=2 2(=4 3(1L=8 4(L=16 5L =32 6 =64 7T( =128 8(L = 256)

32 1,024 2,048 3,072 4.096 5.120 6.144 7,168 8,192
64 4,096 8,192 12,288 16,384 20.480 24576 28,672 32,768
128 16,384 32,768 49,152 65.536 81.920 08.304 114,688 131,072
256 63,536 131,072 196,608 262.144 327.680 393216 458,752 524288
512 262,144 524,288 786,432 1.048.576 1.310.720 1.572.864 1,835,008 2,007,152
1024 1,048,576 2,007,152 3,145,728 4.194.304 5.242.880 6.291.456 7,340,032 8,388,608
2048 4194304 8388608 12,582.912  16.777.216 20971520 25165824 29369128 33554432
406 16,7772

2160 33554432 50,331,648 67.108.864  83.886.080 100663296 117440512 134,217,728
8192 67,108,864 134217728 201,326,592 268,435,456 335544320 402,653.184 469,762,048 536,870,912

=]

NxN pixels x k bits
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FIGURE 2.19 A 1024 X 1024, 8-bit image subsampled down to size 32 X 32 pixels. The number of allowable
gray levels was kept at 256.
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++ Spatial Resolution

3E B

1024 x 1024 pixels.

FIGURE 2.20 (a) 1024 x 1024.8-bit image.(b) 512 x 512 image resampled into 1024 X 1024 pixels by row and
column duplication. (c) through (f) 256 X 256, 128 x 128, 64 x 64. and 32 X 32 images resampled into
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FIGURE 2.21

(a) 452 x 374,
256-level image.
(b)—(d) Image
displayed in 128.
64, and 32 gray
levels, while
keeping the
spatial resolution
constant.
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FIGURE 2.21
(Continued)
Cha (e)=(h) Image
displayed in 16,8,
4.and 2 gray
levels. (Original
courtesy of
Dr. David
R. Pickens,
Department of
Radiology &
Radiological
Sciences,
Vanderbilt
University
Medical Center.)
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FIGURE 2.22 (a) Image with a low level of detail. (b) Image with a medium level of detail. (¢) Image with a rel
atively large amount of detail. (Image (b) courtesy of the Massachusetts Institute of Technology.)

Images with various levels of details
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whe Zooming and Shrinking Digital Images

FIGURE 2.25 lop row: images zoomed from 128 =< 128, 64 = 64, and 32 * 32 pixels 10 1024 = 1024 pixels,
using nearest neighbor gravelevel interpolation, Botom row: same sequence, but using bilinear interpolation
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Some Basic Relationships Between Pixels
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FIGURE 2.26 (a) Arrangement of pixels; (b) pixels that are S-adjacent (shown dashed)
Lo the center pixel; (¢} m-adjacency.

Neighbors of a Pixel
Adjacency, Connectivity, Regions, and Boundaries
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Two points in an image are 'connected' if a path can be found for which
the value of the image function is the same all along the path.

P, connectedto P,

P; connectedto P,

P1
@ P, not connected to P, or P,
P, not connected to P;or P,
P5 not connectedto P, or P,
P, not connected to P, or P,
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Alternate distance metrics for digital images

Euclidean Distance City Block Distance Chessboard Distance

=/(i-n) 2 + (j-m) 2 = [i-n] + |j-m] =max[ [i-n], [j-m| ]
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